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SOLAB DISTUBBANCES AND TEBEESTBUL WEATHEB. 

By ELLSWORTH HUNTIN~TON, Reaearch Associate in Geography. 
[Dated: Yale University, New Haven. Conn., Mar. 7,1918.1 

(cbnnhndfrorn this REVIEW, March, 1918, p. 141.) 

11. SUKBPOTS COMPARED W ~ T I  CHANGES IN THE 
WEATHER. 

8ohr @ratt.t diflerenws compared with changes OJ' 
baromh gra&ients for all day8 during 1904-1913. 
The first article of this series led the writer to the 

conclusion that storminess in the North Atlantic Ocean 
is closely associated with differences in the amount of 
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northern part of the North Atlantic and decrease for 
the southern. On the other hand, by usin the change 

measuring the tota P vanability of the weather. For the 
solar data we use the uaclrant differences aa already 
defined-that is, the d%erence between the sum of 
[A +D] (fi 3) and the sum of lj3 +c] without regard to 
which of tk tmwo sums is larger. 

Let us first divide all the days of the 6-yem period 
1904-1909 into groups on the basis of the quadrant 
dxorences in the sun. As appears in Table 6, grou A 
consists of 653 days having a quadrant difference of10 
or less, group B of 284 days with a difference of 11 to 
20, and so up to group H, consisting of 156 days, with a 

in gradients we em loy perhaps the best o B all means of 
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TABLE B.--C?uangea in baromhie pradhtr of all w8, March, 1904, lo Decmber, 1909, compared m'th aolar quucbant differmar, (amfig. 9). 

m==Sum of change8 of p d h t  in northern ~ S I I Y U  of North A t h t l c ;  R-Sum of chsnges of gradlent in southem ssctlm of North Atlantic.] 

866 663 89 462 612 28 440 530 16 173 538 
645 577 49 718 882 49 841 WU 32 6l8 819 

3 8 6 4 1 6 9 4  6 4 8 8 1 9 6 4  6 0 7 2 6 8 2 6  2 9 5 6 0 5 0 9  
687 6W I 672 653 M SM 937 27 818 580 

673 699 37 I 633 '761 34 612 I 612 30 887 7881 
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1w .................. 
1905 .................. 
1 m  .................. lwn .................. 
looB .................. me .................. 

Total .......... I (153 10 880 11 838 
Average ........ I ...... l h . 9 1  b.2 

1 C,21-80. 1 D,81-60. 1 E.51-76. I F, 76-100. 

Dnys.1 N. I 8. Days.( N. I 8. Days.1 N. I 9. Dsys.1 N. I 9. 

-- . ~ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ I  

7'-chmgm in bannncftrc ' gradients of fow o all day#, J f d ,  1904, to December, 1915, eom ared m'th average s o h  quadi.ant differema fot th period 
d n g  with tha day of the obamed duange ofgi-adimt ( m j i g .  9). 

[N-for northem seotlou of North Atlentlo Oman; S-for soutbern mtim d North Athutlo Ocean.] 
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spottedness u on ditrerent portions of the sun's surface. 

barometric disturbances occurred when the spottedness of 
the marginal portions of one pair of diametrrcally united 
solar quadrants greatly exceeded the s ottedncss in the 

conclusion is to reverse the order of procedure. Instead 
of proceedin from the earth to the sun, let us start with 
the supposef solar cause and compare it with the sup- 

osed result. For the sake of v ymq, our terrestnal 
Sata we may this time use neither t e a solute strength 
of the barometric gradients, nor their increase or de- 
crease, but their chan e from day to day, no matter in 

129,130) this method wdl perhaps not give such s t r i h g  
results as if increase of gradients were used for the 

It appeared t B at  during the years 1904-1909 pronounced 

other pair of quadrants. One of the 1 est tests of this 

which direction. Ju d @ng from figures 5 and 6 (pp. 

difference of over 150. If these solar differences are 
really responsible for changes in the weather, we should 
expect the daily change in gradients tc) increase from 
group A to g o u  H. m e  extent to which this is the 

above the zero line at  the bottom indicatea the decme 
of variabilit of the weather. The distance fromyeft 
t? right in B icates the solar activity in terms of the 
Mereme between the sunspot areas in the marginal 
portions of the two airs of diametrically united uad- 

rise from left to right. 
In @re 9 the u per dash lines represent the barw 

Atlantic. Below these come solid lines representing the 
average for both sections of the Atlantic, and dotted 

case is shown in E gure 9. Here the height of tho curves 

rants. If our hypot Yl esis is right the curves oug 1 t to 
metric variability o P the southern section of the North 
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lines for the northern section. According to these lines 
barometric variability ap ears to be greater in the 
southern section of the a orth Atlantic than in the 

This means that during the group of da-ys marked F 
there happened to be an unusual number of storms with 
courses more southerly than the normal. They caused 
unusually great changes in the weather in the southern 
section of the North Atlantic where high pressure gen- 
erally prevails, while the northern section was unusually 
free from such changes. This is s'mificant because it 
indicates that if it were possible rigi h y to separate areas 

SOLAR DIFFERENCES 1904 - 1909 
0 40 40 6,O 8,0 140 1qO 140 1gO 

,. . ] A B C  D '  E '  F G H 

the North Atlantic Ocean. This is especially true in the 
northern section, for there the variabilit in group A 
is only 15.9 while in group H it  is 18.9, a c&€orence of 19 
per cent. 

If instead of group H, which includes 156 days having 
quadrant diffemnccs of over 150, we take a smaner group 
of 87 days with quadrant differences of over 200, the 
average variability from day to day in the northern 
section of the North Atlantic rises from 18.9 to 10.1. 
This is 18 per cent above the general average, which is 
16.2, and 20 per cent above group A. Among the 87 
days of the group with lnrgost quadrant differences, 43 
show an increase in gl'adionts, averaging 18.8, while 44 
show a decrease averaging 19.4. 

If a difference in the solar quadrants for only a single 
day produces a terrostrial effect, a continuance of such a 
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. . ., chn-q in - - -, ehRngPae&dients in south section d North Atlrntlo Ocean, 1w)clsoB. - ,ove.rage~of . . . and --- 
entr in north 8ertion of North Atlantic Ocean. 1W)c1909. X o h e n s  In n o r t h  wrtion 1-1907. when sunSpatswereabundant OT Lncrearing. y: changes In northern'wcd, 1808-1913, when sunspots wem 8Cmx or dWxeSh& 

Ro. 9.--Ch~ged Ln ixwomotrhc gradrents from 010 dsv t o  tSe n 6 . h  relatlon to da a h d n q  varyin differences hetwem the arean I# the n m h  In the NW.+SE. quartam ut 
the run% d b l e  disk. at a dta*uure of mom ttPn I m  the c e n t 4  merldlan and In the LE.+SW. quarten. 

of high and low pressure our solar relationships would 
ap ear more distinct than is now the case. 

takin the lines in the left-hand part of figure 9 

- see that aside from the point F the dash line representing 
the variability of the weather in the southern section 

separate f y and disregarding the minor fluctuations, wo 

cent while in groups E to SI i t  IS 18.9 

Exce t for an accidental depression in roup E , the com- 
bine B line for the two sections risos rat % er steadily from 

H). Thus there is evi a ence that tho 

tendency to rise from left to right. The 
of gradients from day to da in g;roups 

northern section, as appears in the 
{otted line, the rise from left to right is greater, bein 
from 15.6 in groups A to D to 16.7 in grou s E to If 
17 at the left end (grou A) to 18.9 on the right (group 

ater the solar 
d 8 m n c e  the greater the variability o the weather in r 

diffemnce would presumably produce B greater effect. 
Therefore in Table 7 and in the right-hand part of figure 
9 all the days from 1904 to 1913 are classified into 0 
grou s according to the avera difference in the solar 

in question. In group A this aver8 e quadrant 

group I whom the average differences are over 125. In 
s ite of considerable imgularity the three upper lines in 

tendency from eft to right than do the correspondin 
lines in the left-hand part of the diagram. Years o 
many and few sunspots, however, by no means act alike. 
This is evident from lines X and Y in figure 9. Line x 
pertains to the years 1904-1907 when sunspota were 
.mcreasing. Line Y pertains to 1905-1913 when sun- 

un a rants during the period o T 4 days ending with the 

di erence is 5 or less, in group B, 6 to 10, an 8 so on up to 

T 
t R e right-hand art of figure 9 show a stronger upward F 

s p o t ~  were decre&sing. 
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A .................... 
B .................... 
A .................... 
B .................... 
A .................... 
B .................... 

The zero point of X and Y, it will be noted, has been 
placed lower than that of the other lines in order to avoid 
overlap ing. Curve X has a pronounced upward tend- 
enc . h e  ri t-hand end is more than 30 per cent 

Curve Y on the other hand, scarcely shows any distinct 
tendency either upward or downward. The average of 
groups A to E, to be sure, is 15.22, while that of F to I 
is 15.75. Nevertheless, here, just as in a previous case, 
we are confronted by what seems to be a contradiction; 
in general the ater the solar differences the greater 

becomes unusually quiet this generalization breaks down. 
This apparont anomal is similar to one found by 

to the number of sunspots. For all the years for which 
Abbot’s solar constants were available at the time of 
writing, Arctowski divided the days having reliable solar 
observations into groups of 10 arranged according to 
the intensity of the constant. He then compared the 
average constants for each group with the average areas 
of the solar umbrse for the same 10 days. I have com- 
bined his 1 M a  periods into two groups for each year as 
appears in Tab e 8. T h e r p s  are as nearly egual as 
ossible. The one marke A u1 each case contams the 

z a p  having the lowest constant and B the highest. 

bigger than t f? e left, and the irregularities are small. 

the barometric T isturbances, but when the sun’s surface 

Arctowski in studying t z e relation of the solar constant 

1.W A .................. 1.88 96 
2.M €3 .................. 1.1 59 

2.01 2 I B  ................. I 1.94 61 

1.96 110 B .................. 1.1 5 

1.W la3 lgl A .................. 1.89 64 

1.92 122 lgll A .................. 1.80 7 

TABLE 8. 
. ........ __.- - ........... ----- 

Year. 

In 1908,1906, arid 1908, when sunspots were numerous, 
a.n increase in spottedness and in the solar constant oc- 
curred together, for B in each case is larger than A. In 
1909, however, we find a shar reversal. In the column 
of umbra: B is smaller t.han 1 Similar condit-ions con- 
tinue in 1910 and 1911. 

This anomaly is probably of the same kind as that 
which we have found in the relation between quadrant 
differences and changes in barometric 
parently sunspots are not in themselves t emcause either 
of an mcrease in the sun’s thermal radiation, or of a 
change in the barometric conditions of the earth. All 
thee  are apparently merely the resulta of some other 
c:iuse. Suppose for the moment that the primary cause 
of variations (1) in the solar constant, (2) m the area of 
sunspots, and (3) in terrestrial storms is the eruption of 
intensely heated gases or vapors from the lower part of 
the sun s at.nmsphere. This, we will sup ow, is followed 
by the formation of vaporous clouds wlu% at  first a pear 
as bright faculae, but later become relatively coop and 
dark, and are sucked downward in the vortices knowu. 
as sunspots. We will assume further that at such times 
the solar constant varies in harmony with the area of the 
sunspots, and the disturbances of terrestrial weather 
show a similar variation. Sup om, however, that the 

easily happen that the clouds of va or would be so t 

ydients. Ap 

It mie circulation of solar vapors is re P atively mild. 

that we could not detect them, an a that the downward 
. .  

.......... - - 
I .ireion.,,.‘:. 11. ,Su; It-.% Iliwiil:ililiii dv ! I  A W I N : I I , I  ::a~h~:v. ( ‘ ~ W ; . ; I -  : a  i i r l i ; .  1 ’ . 4  . 
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movements would not be sufficiently concentrated to 
form visible dark spots. Yet the observed changes in 
the solar constant and in the weather might go on. Thus 
variations in both the solar constant and the weather 
ma be close1 associated with sunapota when the sun’s 

causes even when there are no visible signs of such 
activity. 

C?onapai-ison of extreme so2ar dkturbancee with North 
Atlantic gradid .  

From this brief excutsion into the realm of theory let 
us turn back to actual facts of observation. Let us test 
various methods in order to see how far the method of 
qiidrant differences is justified. We will inquire first 
what happens on the earth for 8 days before and 8 days 
after the periods when the quadrant daerences and 
several other types of solar henomena are at their 
height. Such an inquiry is ds t r a t ed  in Table 9 and 
figures 10 to 14. Tho height of the curves indicates the 
degree of variability from day to da . The time when 

the top br bottom. The “days of solar disturbance” are 
of man types. All alike include all the days of their 

pens, however, that owing to the small sunspot numbers 
of the years 1911-1913, no days from 1911 and 1913 and 
only one or two from 3912 enter into any of these dia- 
grams. The days of disturbance may occur singly, or 
more often in periods of two, three, or in rare cases, six 
or seven days. The interval between two such periods 

here from one day upward. Only about 30 

one period and the beginning of another amount to 16 

sur 9 ace is hig d y active, but may also arise from the same 

a given condition prevails is shown g y the numbers at 

particu 3 ar type in the 10 years, 1904-1913. It so h a p  

per may cent be ““9“ o the time does the interval between the end of 

s ibc to carry the figures to the ful f limit of 
da or more. Hence only in this roportion 

before the beginning of a disturbance and 
after the end without re eating one or more 
repetition not on1 woul give the d a p  in a fE 
weight, but woul B cause days which are in uenced by the 
specified solar conditions to be reckoned as if they came 
before such conditions, as well as during or after them. 
Hence in preparing Table 9 it has been necessary to 
adopt a somewhat complicated method which can best 
be understood from the following example: 

Example illu~bating method of preparing Table 9. 
--- 

June% .................... 
July10 
July19 

June 28, 1905, was the first day of a quadrant differ- 
ence of over 100. The chan e in the adient index in 

27 to June 28 amounted to 30 per cent of the normal 
gradient for that date. Hence the number 30 is re- 
corded opposite June 28 under the first “day of solar 
disturbance.” The next two daye were also marked by 
quandrant differences of over 100. Hence their chan s 
of gradients. 2 per cent and 40 per cent. are mcor d 0d 
iindor I I I P  wwmi :In 1 1 l i inl  rl:iyb I I ~  <o!w tiisturlmiw. 

the northern section of the a orth At P antic from June 



AP5,1918. MONTHLY WEATHER REVIEW. 171 

..... 17.1 19.3 

39 47 
18.4 18.3 

Previous to June 28 there were no stron quadrant 

the “days before” to the full number of 8. The first 
“day after” the end of the solar disturbance was July 1, 
with a change in gradients.of 4 per cent. Beginning 
with this day we have a series of 9 days falling between 
the end of one solar disturbance and the beginning of 
another. These are divided so that 5 fall among the 
“days after” and 4 among the “days before.” With 
.July 10 we enter u on a disturbed period of unusual 

beginning of that of Jul 19 only two da intervene. 

differences for some time. Hence it is possib f e to record 

length.’ Between’ t % e end of this disturbance and the 

These days are presumab 37 y influenced by t r e conditions 

49 1 55 tu 67 74 m 13s tu u 11 o 1% 120 icn io1 61 m I w 
18.8 19.6 19.1 19.3 17.4 19.2 17.5 17.9 20.3 19.8 11.1 24.0 44.0 19.8 17.0 18.5 19.5 20.6 17.5 17.9 16.1 
17.5 14.2 15.4 1.5.2 16.3 14.0 16.5 10.2 21.6 19.1 18.8 14.5 33.0 17.3 15.3 16.1 17.2 14.1 14.5 16.9 15.2 ...... 

I ...... 

The net result of this method is that we have in the 
center a group of days which are unmistakably under the 
influence of strong solar disturbances. On either side 
we have days which are not so much under that infiu- 
ence. They are by no means free from it, however, for 
disturbances do not begin and end suddenly. Moreover, 
a t  intervals of 10 or more days before and after the 

been :is&!, there are almost sure to be other &turb- 
ances due to the fact that the disturbing groups of 
sunspots reach an effective position first on the sun’s 
eastern margin and then on the western. Hence,even 
if quadrant differences were the only cause of baro- 

of solar disturbances, as has dread 

Numberofdays Aver chsnge ........ of gra- 1 3 4 1  351 361 381 421 441 471 481 531 191 I1 6 1  ......I ...... 1 ...... 1 ...... 
ad% ............ N.. 16.9 l8.1 14.6 15.1 19.2 14.4 17.1 14.5 15.4 12.3 14.5 16.0 ........................ 

TABLE 9.-Changu i7~ bannnetrie g r d h l s  in relation lo solar &fmmeur, 190&1913. 

[N-northern section ut North Atlmtlc. S-southcm section of North Atlmtb.] 

631 511 511 501 41 371 851 M 

17.8 16.7 19.9 15.6 16.4 18.1 16.8 14.6 

A. IN RELATION TO 138 PERIODS WEEN TEN QUADBANT DIIPPBENCE EXCEEDS 100. (&E F&. 10.) 

I D a p  or llolar disturbance. I Days &r. I Days before. 

i o /  2 1  ...... I ...... 1 ......I ...... 
20.5 17.5 ........................ 

n /  671 w /  

a8 aa l  si ai 
16.8 13.4 i6.a 18.6 17.1 18.5 19.0 is.7 

8. LV BELATION TU 144 PEBIODS WEEN TRE DZFFEBENCE BETWEEN TEE UMBRAL AREA ON TEE EAST SIDE OF TEE SUN W I W  60’ OFTEE MARGIN AND ON Tw WEST 81DE Wll’iim w)’ 
or TEE YABGIN, EXCEEDS 100. 

Nnmherofdavs...r...l AT chanb of N.. 17.2 851 15.4 38 1 15.8 44 1 14.7 51 I 16.6 59 I 14.6 62 1 14.5 69 1 15.2 901 16.9 144 1 15.0 96 

gr ents ........ S... 17.4 17.0 20.6 20.7 18.9 a0.0 17.5 18.9 17.9 19.1 

aO.4 631 16.1 431 20.1 141 18.7 I /  15.0 21 24.0 11 16.6 1441 16.2 1251 16.3 1141 14.8 l O Z /  16.2 651 14.6 491 17.9 421 17.S 36 

19.8 B.6 9.9 7.7 16.0 16.0 17.1 17.1 10.8 18.6 16.9 18.2 18.2 14.4 

C. W BELATION TO 110 PEBIODS WEEN TEE UMBRAL ABEA WITIilX No OF TEE SUN’S CENTBAL YEBIDIAN EXCEELW 100. (&e Flg. U.) 

Numbsrofdays...i.../ changeofN.. 15.4 401 15.6 481 15.9 521 16.5 561 16.3 (UI 17.2 711 15.2 781 16.2 811 16.5 1101 16.4 UI  16.S 641 16.2 531 13.9 301 12.1 8 1  8.6 51 6.6 5 1  15.8 1101 14.5 981 19.7 .01 15.7 861 17.0 641 19.9 ti41 16.0 501 15.8 46 

““Y gmd nts ........ S... 20.3 15.3 21.6 2’3.3 111.8 20.8 20.6 19.6 19.0 14.4 18.9 15.9 13.3 10.3 15.4 14.4 16.6 l6.0 18.5 18.6 18.1 19.9 20.0 22.0 

D. IN RELATION TO 53 PERIODS EAVEW AN UMBRAL DIJFERENCE OF OVER 100 BETWEEN THE AREAS NOBTE AND O U T E  OF TIIE 8u1p’S EQVATUB AND WITEIX 80’ Or TEE wH’8 MAEOM, 
RUT EAVING A QUADBANT DIFFERENCE or LESS T ~ A N  100. 

E. IN RELATION TO 79 PERIODS IWWNG AN UMBRAL ABEA OF OVER 100 IN THE COMBINED EAST AND WEST SECTIONS OF BDN WITHIN 80’ Or M E  MABGM, BUT EAVIIpa A Q U A D M  
DIFFERENCE NOT EXCEEDING 50. 

Number Aver change of days.. or ...... grn- 1 a i l  311 341 391 461 (81 ti61 791 21 

diky ............ N.. 12.9 16.0 16.7 17.8 21.5 14.7 16.2 14.6 16.5 116.7 

&~g;~~J&.+:l  dents 
361 401 461 511 611 691 761 94 I 159 I 108 

............ 17.1 14.2 14.4 16.0 17.0 15.4 14.2 13.9 16.4 15.9 

y. IN BELATION TO 159 PERIODS WEEN THE DIFFERENCE BETWEEN TEE UMBRAL AREAS WITEIN 80’ Or TEE SUN% MABGIN IN THE XOBTE- EPYl8PEEBE PLUS TEE DIWEREXCE BE- 
TWEEN 8IYILAB AREAS IN TEE .W)L’THEBN HEYISPEERE, AYOUhTS TU 100 OB YOBE. 

241 8 I 4 1  1 159 

of the precedin period of solar disturbance. They can 
scarcely be infiuenced by the solar disturbance that 
comes after them. Hence the are reckoned as the 

days before the disturbance of July 19 are left blank. 
The same method is followed whenever the number of 
days between the disturbances is 4 or less. If the 
number is from 5 to 8, however, the days beyond 4 are 
reckoned as preceding tho second solar disturbance. 

first and second days after a c f  isturbance, and all the 

1 Such doda are so rare that in plotting the results of this tabulation in lines A to 
C f l ~  $and 14 all davs fmm the sixth onward are reckoned with the fifth while 
in’Un& D and B i f  a. 16 all Ircrm the fourth onward am reckoned with the thih.  In 
2”. ‘ 1  .I-- -!v?\. onrmth. nnr) Pirhhth w r n  mckmrd ILY n mpnmte ~ o u u .  whlle in a. 

metric differences, we should not expect barometric 
variability to fall to a low ebb during the days before 
and after the times of solar disturbances. 
There are other and stron er reasons wh the baro- 

metric variabilit does not f all to a low e g b at times 

these is the fact that when a barometric disturbance 
has once arisen, no matter what the cause, it often per- 
sists many days and travels lon distances. Thus a 
disturbance which arises thousan f s of miles away may 
be felt in the Atlantic Ocean one or two weeks later. 
Another important consideration is that variations in 
thr wn’q hnnt.  w mwaiirt=d hy tho wlnr cnn*t.n.nt.. alnn 

when quadrant B Zerences in the sun are small. One of 
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appear to infiuence barometric gradients. Such varia- 
tions in the solar constant, however, occur on an im- 

ortant scale a t  times when there are no visible quadrant 
%trerences. Again, we are by no means sure that the 
quadrant differences ve a full measure of the solar 

already been indicated the activity of sunspots is prob- 
ably mere1 one of the more striking results of solar 

Among these phenomena may be included not only the 
solar constant, but faculae, prominences, and magnetic 
variations. Most important of d, we should not ex ect 

times of low quadrant differences because the sun is 
continually changing its altitude. Even if the sun's 
radiation were absolutely constant, barometric variations 
would still occur becaus? the angle at which the sun's 
rays reach the earth vmes not onl from hour to hour, 

Hence the distribution of heat upon the earth's surface 
constantly varies, and there must be corresponding 
changes in atmospheric pressure. Thus it appears that 
in our study of quadrant differences we are not dealing 
with the entire cause of variations in atmos heric pres- 

to be s u m 8 e d  upon t l ~  other mwm. When it w un- 
Ueuaa strong it ma t e m p m d y  adweigh t b  others, 

We have now reached the most critical part of our 
investigation. We must compare the barometric vari- 
ability represented by line A in figure 10 with the varia- 
bility represented by the other lines in fi ea 10 to 14. 

smoothed by the formula +(a+2b +c)  = b. This, how- 
ever, does not alter the main outlines, as may be seen 
from the original figures in Tables 9 and 10. 

Line A in the upper part of figure 10 is based on the 
first part of section A of Table 9. It includes all days 
(138) having a quadrant difference, or solar disturbance 
am we may sa for convenience, of over one hundred 

Greenwich tables. In other words, when the flerence 
between A + D  and B+ 0 in figure 3 [p. 1251 exceeds 100, 
the day is included. Line A indicates that for 4 or 5 days 
before the beginning of a period of pronounced quadrant 
differencesthech in barometric adientsinthestormy 

As soon as the quadrant differences become pronounced, 
however, the Variability of the weather increases ra idly, 

retdes a maximum on the thud or fourth day of the 
solar activity. This maximum is about 24 er cent 

activity begins, and 29 er cent reater than the minimum 

The two diagrama at the bottom of figure 10 &ow the 
the variability of the weather in the southern section of 
the North Atlantic and in the two sections combined. 
The line for the southern section is inconclusive. It rises, 
to be sure at times of great quadrant differences, but it 
rises equahy high in the periods before and after. The 
line for the two sections combined-that is, for the entire 
North Atlantic Ocean-scarcely needs .comment. It 
shows an unmistakable maximum at times of great solar 
differences. For our present purposes the northern sec- 
tion is clearly the place of chief importance. 

Let us see whether other methods of commtinn the 

activity- which causes f arometric disturbances. As has 

changes w h 'ch give rise to a variety of phenomena. 

barometric variability to fall to an extremely low eb \ at 

but from season to season, and 3 rom place to place. 

sure, but with a hitherto unrecognized mwe w it- zch appears 

tmt w L  i8 wed t L y reassert their supremacy. 

In  order to facilitate comparison all the P ines have been 

%; millionths of t TI e sun's visible surface accordin to the 

northern section Y o the North A f antic Ocean is slight. 

as a pears from the upward dope of A. The varia t ility 

greater than the minimum variability before t 7l e solar 

on the fifth day after t i f  e end o the solar activit 

obtained. Instead of computing the solar activity by 
the method of differences between the outer parts of 
diametricall united pairs of quadrants ( uadrant differ- 
ences), w o d  it be oqually effective to t&e the periods 

DAYS OF 
SOLAR 

DAYS BEFORE DISTURBANCE DAYS AFTER 
7 6 5 4 3 2 1  1 2 3 4 5 1 2 3 4 8 6 7  

20 

E 
18 

f A 

ENTIRE 
NORTH 

ATLANTIC 
OCEAN 

A .  aver6 dail I?- in &lent in re!ation to 13R 

181 - I . ' ' * ' ' ' * 1 

odq when thearea of t\cr d a r  
m n b r a e l n t ~ e e N ~ + 5 E . q l l a d r a n t r a l t h e s o n ' ~  
Its eentral meridian differs Irom that of the suni:ar umbrcsin the NE.+SW. quadrants 
by 100 mi ioiths or more oft IO sun's surfare. 

B. t\e same lor 144 porioda when umbm on t?e east nt a distmre of over 90. from the 
central meridian diaer from those on the west by 100miliionths or more of the sun'r 
surfare. 

C, the sfme for 80 days whlch tall In both group A and group B,  aa described above. 
Fm. IO.-Clmn.~.gs In barometric menb over the North At'hntic, from day to day, la 

reintion to so:sr activity. 

when the difference between the marginal areas on the 
east and west sides of the sun (mGginal differences) 
exceeds 100; that is, when the difference between A + 0 
and B +D in figure 3 exceeds loo? This has been done solar conditions give results as striking as th& alroeady 
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in section B of Table 9, and in the dotted line B in figure 
10. The method of tabulation is identical with the one 
described above. The number of periods of solar dis- 
turbance is essentially the same, namely, 144 instead of 
138. The resultant curve is also similar, but there is an 
im ortant difference. The contrast between the hi hest 
an 1 lowest points is less than for the solid line. h e r e  
the vertical distances from the two minima to the central 
maximum amount to 24 and 29 er cent for the solid line 
A, they amount only to 23 an c? 18 per cent for B.s In  
fact it seems safe to conclude that the dotted line rises in 
the center largely because it is based in part on eriods 
which have a quadrant difference of over 100 an B hence 
are used in computing line A as well as line B. There 
are 80 such periods common to both the solid and 
the dotted lines. When computed b themsolves, they 
give the dash line C. This is essentia 9 ly the same as the 
solid line except that the minima differ from the maximum 
b 26 and 32 er cent instead of 24 and 29. Therefore 
tze difference getween A and B must be due to the 64 

eriods which have a marginal difference of 100 or more, 
gut do not have a marked puadrallt difference. That this 
is the cwe ap ars from line B, figure 11. In preparing 
this line use E“ as been made of 34 periods which occur 
amon the 64 mentioned above, but do not come within 
two d ays of periods having quadrant differences of 100 

diately afterward. This suggests that a difference be- 
tween the spottedness on the two sides of the sun’s 
equator may possibly have some effect on the earth’s 
atmosphere, but that, like marginal differences, it is not 
nearly so important as quadrant differences. 
As still another means of testing our conclusions let us 

see what ha pens when there are abundant s ots on both 

sides balance one another. This is done in section E 
Table 9, and in the dot-and-dash line E, in fi re 10. 
This line is based on 79 perioda when the umbrf i rea  of 
the sun spots in the marginal 60’ of the sun, taking east 
and west together, amounted to 100 or over, but when 
the uadrant differences did not exceed 50; such periods 
usu&l lnst only a day. About a quarter of them last 
two ays, and a tenth three or four. Their curve is . 
wholly different from lines A to (7 above it. It has two 
main maxima almost where the others have minima. 
The slight maximum in the center is apparently due to 
the fact that while we have excluded all days with a 

uadrant difference of above 50, we have not excluded 
Lose with a smaller uadrant difference. The days em- 

of storminess. The essential point of the whole matter 
is that a great abundance of spobs on the margins of the 

the east an g west margins of the sun, so t g at  the two 

plo ed for line E are % ound to have these small quadrant 
di d erences. Hence, there is likely to be a slight increase 

TABLE IO.--Changa in boromctsie padhir in northem mtion oXNorih Atlantk Q rcfcrmes to pm.oda when a gben group of ~uiuputa produeed a large 
quadrant &ffmena on both nutrgana of the Bun, 1904-1918. (Scsfigurc 11, mrve A.) 

6 7 8 9 10 
----- - 

I--- 

I BDVTH. 

16.2 11.5 11.4 13.3 13.5 11.9 18.3 14.2 M. 17.2 22.8 19.4 17.625.2 
14.4 1 9 6  11.9 12.8 13. 14.0 15.71 17.4 19.; 20.1 20.6 19.0 20.0 .... 

11.6 16.9 13.8 22.7 11.1 13.5 9.8 14.017.1 
17.4 16.1 16.8 183 16.1 12.7 11.8 13.7 .... 
15.6 15.9 17.1 18.9 18.1 16.6 15.8 16.8 

NOBRI. 

E Let us see whether contrasts between the s ottedness 
of the outer 60° of the sun’s northern and sout ern hemi- 
s heres is any more important than a contrast betwsen 

tion D of Table 9. This is based on 53 periods which 
have a difference of 100 or more between the north and 
thesouth; that is between A + B  and C+D, figure 3, but 
have quadrant differences of less than 100. In other 
words, these periods had a strong difference between 
north and south, but not between the ma inal ortions 

figure 3. The way in which the were related to baro- 
metric changes is shown in line %, figure 10. The zero 
for this line, as well as for’line E, has been lowered to 
prevent crowding. Line D is low during the critical 
period of solar disturbance, but rises fairly high imme- 

t E e east and west margins. This matter is tested in sec- 

of the diametrically paired quadrants, A+ ‘ P o 3  an B+ 0, 

8 T n  Rmire 10 tho line F. marked bv circles. shows still another m v  of testin@ our 
resuis”Tho lInu-is-&m6uGd iu-thi G-me ubv & llne R but lnrrtedd of taklni tho 
e&stm’and the mstcm mnrelns of tlin sun as units each m a h  Is dlvlded into a north- 
om and a southern half. Then the dlfference betwe.e.n the esst and west sides fn the 
northern half Is aunuuted and likewlse the difference In the iouthern and tho two 
are added. ThIs alvei 148 berids instead of 1 4 4  The ditTerence betweeh the minima 
and the meximum- amountj to 24 per cent and 17 per cent. Thus thls method Indmter 
leas relat.imshlp than the on0 employed in the text. 

sun does not seem to affect the weather unless the spots 
are so arranged that there is an excess in one particular 
quadrant. 

In order that our tests may be as varied as possible, 
let us next see what happens when the sun spots in the 
marginal 60’ of a given quadrant have an umbral area 
which exceeds that of the corresponding quadrant on the 
same side of the e uator, by 100 or more. The results 
appear in sections 1 to D of Table 11 (p. 176), and in the 
four broken lines, A to D, of figure 13. Line A represents 
barometric changes in the northern section of the North 
Atlantic Ocean in relation to 39 periods when the umbral 
areas in the marginal part of the sun’s northwestern 
uadrant exceeded the areas in the corres onding part of 

represent similar conditions for each quadrant. It may 
be remarked in passing that as a rule the sun is not active 
in more than one quadrant a t  a time. For example, 
among the 145 periods used in re aring lines A to D 

100 in the marginal 60’ of two quadrants at the same 
time. During the 10 years under consideration there 
was not a single instance of umbral areas exceeding 100 
in the marginal 60’ of three quadrants at the same time. 

The interpretation of lines A to D in figure 13 is obvi- 
ous. The two, A and B, which represent the sun’s 
northern hemisphere, rise strongly during the times of 
their respective solar disturbances and reach a maximum 

$e northeast quadrant by 100 or more. pr he other lines 

only 30 are characterized by urn E P  ra areas of more than 
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on the third or fourth day, just aa does the solid line A, in the east and west sides of thesun in both the northern and 
figure 10. Lines C and D, showin the relation of baro- southern solar hemispheres.' When we use this same 

figure 10, it does not ive nearly so pronounced a result 
122 as the method of qua % rant differences. The 14 periods 
/- used for line E, f ipre  13, are accompanied by quadrant 

diflerences averaging 122, so that these, rather than the 1 
2o contrast betwoen the east and west sides, may be the 

cause of the ap arent relationship. 
18 

four lower lines of fi re 11. All of the lines represent 
is section of the North Atlantic at times of high quadrant 

differences. Lines C and D are tho same as A and C in - 14 figure 10. Line C shows the conditions in relation to 
138 days having uadrant differences of over 100. Line 

- ' I 2  were a little more pronounced. Accordingly, C rises a 

and f& a little lower 6 da afterwards. Line E is 
based on the 25 d! during t i? e period 1904-1913 show- 

- 1 0  

- 8 on the 10 days when the quadrant differences were high- 
est of ?he most significant fact about these four ' lines is the way in which the interval between the maxi- 

metric changes to the sun's sout % ern hemisphere, are method on a larger scale, however, as is done in line F, 

Further con B rmation of this conclusion is found in the 

the degree of variab' I!? ity of the weather in the northern 

D is based on 80 1 ays on which the quadrant differences 

ing the highest qua LE! ant differences, while line F i s  based 

- 

6 '  - 
* little hi her than A during the time of solar disturbance 

'. :- 2 

K O  

DAYS\,j' 
DAYS OF 

DAYS SOLAR DIS- - BEFORE TURBANCE AFTER 
7 6 ' 5 4 3 2 1  1 2 . 3 4 5 1 2 3 4 5 8 7  

CdDarethesameaa ia l l  re10 Aaud 0. 
E. M OD 25 da in 1004-1%. d highest quadrant diftercmcgl. 
F, bmed OD the I&p d very highest Ueremear 

ma. II.-The degrw of varlaWtv of the .Ireather Ln the northern ssctloll of the North 
Atlsntio at times of high qusdrant d m .  

similar to A and'& but rise less ra idly and markedly 

abundance of spots on the sun's ma in has the same 
kind of effect no matter in which qu 2 ant it is located. 
During the years 1904-1913, however, the effects pro- 
duced by the southern solar hemisphere were less pro- 
nounced and less immediate than those of the northern. 

and reach their maxima later. f n other words, an 

66- 

EAST CENTER WEST 

. ' " ' I  I n n I l I I I I 1 I I I 1 1 , r l L  
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quadrant tMerences. In tabular form this may be 
expressed as follows: 

Per wnt. 
(1) Higheet 138 days ........................................... 29 
(2) Bighwt 80 days ............................................ 32 
3 H1ghest25daye ............................................ 47 I 1  4 HighestlOdap ............................................ 106 

The rapidity with which these ercent es increase is 
highly significant. So too, is the f 3  ow lev to which the 
change in gradients f& at the minima representin the 
times when this articular type of solar effect is sfght 
either because o P the absence of spots or because th i  

western margin. Ten of theee groups were in the sun’s 

in barometric gradients in the northern section The chMf? of t e 
northern hemisphere and 10 in the southern. 

North Atlantic Ocean in res ect to each of these eriods 

marked 0 is the day on wkch the solar disturbances first 
became evident, and thereby caused larp uadrant dif- 
hemisphere, line A: the gradients m e  to a maximum 
within one or two days after the quadrant Werences 
became high. Six days later] when the spots were near 
the sun’s center, the change UI barometric gradients fell 

appears in Table 10 and is p P otted in figure 12. d e  day 

ferences. When s ots were abundant rn Qh t e southern 

R 

DAYS OF 
DAYS BEFORE I D~~~~ I DAYS A,FTER I - DAYS BEFORE I SOLAR DAYS AFTER - - D ISTU R B ANC E DISTURBANC!E - 

A .  northwest greater than northenst. 
23. northest greater thsn nnrthwclit. 
C scnithea-t greater than southwest. 
D’ southwawt grmter than southeast. 
E’ 14 p e r m  clhowlnp a dllferencn of approximately 100 or morn. between the eastern and w & m  marelnm both nortb and mth of the solar quatar. 
$~ea~mblea,  E, but is for ~rsdients lustend of changes in gradlents. 

FIO. 1S.-Chan~lnbarometrlc lent from daytodayln thenorthernHlonofthe North A t l a n t i c . l n r e l a t l o n ~ ~ w ~ t ~ ~ ~ ~ l a r ~ b ~ l n ~ h ~ m  W.dom 
mlsr quadrant exca8-&% d the opposlte quadrant on tho same aide ol the solar equator by 100 mllllonths ar mare of the sunC nur*ce (compre T a b l s v  

spots are concentrated near the sun’s center. Apparently 
when the Q U U ~ R Z ~  d i fe rmes  or the accompanying wea.thw- 
pt-ohciw . - -  agencies - . - .  of !he a n ’ s  -_  mr$ace are p r t h b r l y  .... 

very low, and the weather was comparatively steady. 
After another eight days the weather again became d~s- 
turbed, . . .  and this disturbance ..- apparently - . _. was connected 

adWe the North Atlantw U c m  alternates rapuUy betW@m 
p d  of bw h t s  accmpankd by remarkably little 

The truth of this conclusion may be illustrated in 
another way as is seen in figure 12. Here 20 sunspot 
grou s have been selected, because they gave rise to l y e  
qu&ant diffarencea when they appeared on the suns 
eastern margin and again when they disappeared on the 

cluvnge of weat P er and periods of high gradients meom- 
p a d  by stowns. 

with the uacirant d~Earance caused b the presence of 

one maximum to the other in tfus case is 14 days. It 
suggests that the maximum &ect ie produced when the 
spots are almost on the sun’s limb. 

e 12, su esta that spots in the northern 

During the periods on which it ie baaed the average 
intenarty of the quadrmt diflerenas in the northern 

spots on t 1 e sun’s western mar in J he interval from 

hemisphere r ave lese e !? ect than those in the southern. 
Line B, fi 
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TI- Il.--cAcmgu in borrornabie osr(lhcn” in n0rt;ASm raction of North Atkmlic in ?elution to d 8 having a &ferenca of 0 1 1 ~  100 in umbral area 
wi*n 6 ojmns8 rnmgilr on opporits 8 ~ 8  of tlre nortlrcnr and soulih~nYmirphmea (8CE&. 12). 

I.-NW. EXCEEDS NE. BY 100 OR MOLE. 

Number Of days.. ...... 
A V ~ P  chrrngo of grs- 
d b t #  ................ 

Days before. Days of solar didereace. 

86 I4 6 ................... 39 Bs 88 

.................. 
B.-XE. EXCEEDS I W .  BY 100 OB MORE. - 

...... 15 I 2  I I 1 ...... 1 ...... 1130 (a (10 la (I7 127 1 %  I m 
dlents ................ 16.3 ............ 19.7 17.4 14.9 1.1 16.6 18.7 14.1 16.2 

C . 4 W .  EXCEEDS 81. BY 100 OB YOBE. 

Numberofdays ........ (I 185 186 136 138 138 188 139 1144 131 121 I13 1 6  1 2  1 2  ,...... I44 43 
Avemm change of gra- 

dients ................ 15.5 17.9 19.6 126 19.6 16.9 15.6 15.6 14.5 12.2 16.7 18.7 lS.9 1 ...... 15.2 116.1 1 ::.8 1 ::.4 I r.1 1 :.1 1 z.8 1 !:2 

D.%E. EXCEEDS 8W. BY 1Qo OR YOBE. 

........ 
dlents ................ 

Number ofdays 

E . d E .  EXCEEDS SW., AND NE. EXCEEDS NW., BY OVEB 100; OB ELBE SW. AXD NW. EXCEED RE. AND NE., BESPECnVELY, BY OMB lW. 

Numberofdays ....... 110 1 10 I11 Ill I12 I 12 

I14 1 I4 11 14 1 8 1 6 I 3 Average change of a- 
dients ................ 21.7 28.6 11.3 15.2 6.2 17.8 13.4 15.9 16.0 22.4 30.0 

?;--&\YE AS “E,” BUT BIYWB ACTUAL BBADIENT INDICES INSTEAD O? CHANGES. 

I10 Ill Ill Ill 1 12 I12 1 14 I 14 I/ 14 1 8 1 b 1 3 I ...... 1 ...... 1 ...... 1 ...... 11 14 I 14 I14 1 I4 1 11 1 11 1 11 1 10 
dients ................ 105.4 1W.4 95.0 101.0 91.0 99.8 88.8 91.6 !X.O 96.5 115.6 131.0 ........................ 89.3 96.0 96.1 85.7 88.9 89.1 90.0 97.1 

- 

DAYS OF 
SOLAR 

ISTURBANCE 

hemisphere was 80 er cent greater than for the similar 

regular than A. Nevertheless it has a mkximum 3 or 4 
days after the uadrant differences becomo large, a 
minimum when %e spots are near the sun’s center, and 
a less pronounced maximum 11 days after the first one. 
Tho average of the two lines with its maxima on tho 2d 
and 14th days after the quadrant disturbances become 
large, and its minimum half way between them aflords 
strong confirmation of our conclusion that when sun 
spots are located on the sun’s margin, stormy weather 
prevails in the North Atlmtic Ocean, whereas when they 
are near the center of the sun’s disk they are accom- 
panied by relatively little change of weather. 

poriods of the sout f: ern hemsphere. Yet B is far less 

DAYS AFTER - - 
- 
- 

K 

Cmparkon between 8unspots in the mn’8 center and bar& 
metne gradients. 

Before leaving this part of our subject, let us turn 
from the sun’s margin to its center. It will be recalled 
that stormy pcpods seem to occur a t  times when there 
are few spots in the central portion of the sun’s disk. 
Let us now take the part of the sun within 30’ of the 
central meridian and nee how it is related to variability 
of the weather in the two sections of the North Atlantic. 
This isillustrated in lines B and 0 figure 14, which aro 
based on.section C in Table 9. ‘ d e  solid line A, is the 
same as A in figure 10. The only difference is that here 
the Sth, 7th, and 8th days of solar disturbance have 
been separated from the 5th, thus increasing the width 
of the central section of. the diagram. The other lines 
represent the dogree of variation of the adienta from 
day to day.in the northern section of the w orth Atlantic 
Ocean, B, and in the southorn section, C, in relation to 
110 periods when the umbral areas within 30’ of the 
ew’e central meridian amounted .fo 100 or more. Both 

20 

15 

1 0  

9 

0 

d,averaxedailyohangaInqredlent overthenorthernsctlon of theocesn1nre:atlonto 
13s perlods when the area or the solar umbrre in the NW.+SE. uadmntq of the sun 
visible dlsk at a distmw of oVBT 30’ from the central meridian &bred from the BIBB 
from the nimliarl located umbra In the NS.+SW. quadrants b j  100 milllontlu or more 
of the sun’s vIsibfa arm. 

B.  the w e  in relation to 110 periods wlth umbral ams of 100 rnllllonths or more, 
wtthln 300 of the rantre1 meridian. 

C, the same op E,  but for the southern aectlm of the North Atlpntlc Oman. 
Pro. 14,- In k r o m & l O  gRsdlmt9 from da to da OW the North Atl.rrU 

Ooem, Inrdrtlon to roLr Setldj ( n b g  9C). 
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B and C take a marked drop at  times when s ots con- 

days. In  the south, C howevor, the drop is far more 
marked and begins earher than in the north, B. The 
roversal botwoon 0 and A is striking. It ssrvm stron-1 

o bdance among the SUA spds m the margind portions of 
t sun, wkib uiet weather ree from storm occurs w b n  
a balmad con ition is pro ucd  either by the absence of 
dieturbd area8 on the sun’s surfaes or by the eoneentdion 
of such area8 in the sun’s center. 

tinue to be abundant in the sun’s central area P or 4 or 5 

to reenforce the idsa that storFincss accompanies a & 
L 4 J 

(To be continued.) 

CRAXWES W OCEANIC AND ATMOSPHEBIC TEMPEEATUBES 
AND THEIB apLaTlOrJ TO CEANQES IN THP SUN’S 
ACTIVITY.’ 

By Pmfea~or FIUDTJOF NANSEN, University of griStiania. 

[dutWr rbrlroe( reprinted from Jour., Wish. dead. Sei., Mar. 4, 1918, 0: 335-138.3 

The prima aim of the research was to find the rela- 

tures. The surface temperature of the water in various 
parts of the North Atlantic a t  the coldast time of the 
year formed the foundation of the first study. When the 
region covered by the data is divided into approximately 
equal areas, the temperature curves of these areas are 
found to be parallel, it is evident from the form of the 
curves that these changes of temperature, taken as a 
whole, are not due to changes in the water-masses 
transported. A relation does appear, however, between 
these changes and the revailing direction of the wind, 

the wind turns south of (i. e., is directed south of) its 
average direction over a period of years, the tempera- 
ture of the wator is lower than the averawe for the same 
period, and vice versa. A similar pardelism between 
wind direction and water temperature appears along tho 
coast of Norwa. ; the effect near the coast is based on 

well as on the season of the year. %he air temperature 
variations on land appear earlier than the variations in 
water temperature. 

Certain periodicities appear in all the curves of oceanic 
and atmospheric temperatures, but they vary in t pe. 

curves and curves of sun* ot activity and magnetic 

type and a continental (Eurasian) type can be distin- 
gushed. The latter follows the sunspot curve diroctly, 
whereas the former t.ype follows the sunspots invorsely. 
Them is also a third and very remarkable type in which 
the curve changes more or less suddenly from direct to 
inverse. This sudden inversion is brought out in many 
curves, comparing stations in different parts of the earth, 
and the inversion occurs in very many cases a t  about the 

tions existing ’g etween oceanic and atmospheric tempera- 

as deduced from atmosp R eric pressure gradients. Where 

the direction o 9 the wind with res ect to the land, as 

At the same time a rdation also appears between t E ese 

elements. The ll-year perio B is prominent. An oceanic 

year 1896. 
When the temmrature curves for Merent months of 

the year are compared with the sunspot curves, these 
three types of agrocment again appear in very puzzling 
and unexpected combinations. 
In addition to oceanic and atmospheric tom eratures, 

other meteorological elements (air pressure, win B velocity, 

rainfall, cloudiness, mean daily temperature-amplitude) 
show a relation to the sum ots, sun prominenws, and 
magnetic variations, and ~ O W  not only the ll-year 
penod, but also shorter periods of two, three, and five 
and one-half yearn. 

The fluctuations of the temperature at the earth’s 
surface do not follow directly the variations in the energy 
recoived from the sun as determined by the measure- 
menta of Abbot and Fowle. The daily and g a r l y  
temperature-amplitude9 are believed to furnish su cient 
refutation of hypotheses based on su posed variations in 

well as of s u m  hreys’ h otheses as to formation of 

of the effect of increased evaporation in loweri Q conti- 

tions. 
The mistake of most authora when t h ~ y  have dis- 

cussed the causes of tomperature changes, has been that 
they took for granted that the average temperature at 
the earth’s surface was directly dependent on solar 
radiation, and would give a direct indication of heat 
received. They have not considered sufficiently the fact 
that a very reat ro ortion of the sun’s radiation is 

the distribution of geat in tho atmosphere is of the greatest 
importance for the temperatures at the earth’s surface. 
They seem very often to hare forgotten that the varia- 
tions in the sun’s activity, and in the so-called “solar 
consttant,” and also in the sun’s eloctric radiation, may 
primarilv influence the higher layers of the stmosphore, 
thus indirectly guiding the distribution of atmos heric 

In this manner the temperature of the himher latitudas 
may be influenced more than that of the ‘hopics where 
the conditions are so stable. 

The variation in pressure gradient seems much more 
closely related to the temperature of land stations than 
is the variation in air pressure ihelf. For instance, the 
Colombo-Hyderabad gradient runs parallel to the 
tomperature in tho Himalayas but opposite to the tem- 
perat.ure at Batavia, while Bombay forms an example 
of those strange revenals occurring about 1896. The 
Iceland-Azores gradient has exactly opposite effects in 
Norway and in mid-Atlantic. An increase of air cir- 
culation may thus have opposite effects in difEerent 
regions. The sunspots and m etic elemonts sometimea 

sure gradients. 
Various periodicities appear in the sunspots as well as 

in the terrestrial honomena. In the sunspots there ia 
an S-month pmiol corresponding with the conjunction 
or opposition of the planets Venus and Ju iter with the 

adient, and was found b Krogness in the magnetic 
%dination at Kristiania. $here are also periods of six 
and twelve months in the magnotic elements, due to the 
position of tho earth. The combination of these 6-, 8-, 
and 12-month periods gives a 2-yoar eriod for the 

two years is also discoveret an8 specially noticeable are 
indications of minima every second year. Before 1896 
there is an agreement between tho 2-year minima of 
tempesature at certain stations and the corresponding 
sunspot minima, but the .agreepent is remarkable rn 
that the greateat depressions in the sunspot curve 

the absorbin- and reflecting power o P the atmosphere, as 

ozone or effects o f volcanic T ust. Blandford’s hypothosis 

nentd tem eratures a t  sunspot maxima is 3 so not 
supported E y the facts of tropical land and ocean sta- 

absorbed by t % e hi0 i!P or ayers of our atmosphere and that 

ressiire and the circulation not on1 of these E igher 
Lyers, but also of the lower parts o s the atmosphere. 

oppose and sometimes agroe mt ”9;: the variations in pres- 

sun. This same poriod occurs in the 2 orth Atlantic 

magnetic and meteorolo ical elements on t Tl e earth. But 
in the fluctuations of t 5 e uns ots a similar period of 


